There is nothing new in this paper. It contains a pedagogical discussion of a very interesting interference effect involving the radiation pattern from a single atom which is confined by a multi-well potential. The interference phenomenum is a quantum effect with a pattern strength that is proportional to the tunneling probability. Extensions of the phenomenon are briefly discussed.
Introduction
After viewing the images of individual atoms as provided by electron microscopes, especially when they have been arranged to spell out the initials of a rather well-known company ', ' rt is easy to slip into the error of thinking of atoms as classical billiard balls with quantum phenomena becoming important at a smaller distance scale-except for exceptional circumstances such as superconductivity. The purpose of this note is pedagogical; we will describe the familiar process of the radiation of a single photon by an atom. The unusual feature is that the radiation interferes with itself by virtue of the fact that the atom is in a non-localized .--state with a net symmetry. If the atom is in a multi-well potential, with a finite tunneling-probability, the radiation pattern will in general contain structure that reflects the geometric arrangement of the wells. The magnitude of this variation is proportional to the quantum tunneling probability.
New laboratory techniques in the manipulation of individual atoms have opened up new possibilities in both experiment and theory. This paper discusses the interference pattern expected from a single atom bound in a multi-well potential is discussed. Suitable binding potentials should be available to realize this type of interference, e.g., in molecules with an appropriate structure2, by selecting suitable defects on the surface of a solid3, or by an appropriate configuration of external electromagnetic fields in a Stern-Gerlach interferometer4.
To simplify our discussion and to permit an emphasis on the physics of the interference phenomena, we will consider the problem of radiative decay of an excited hydrogen-like (alkali) atom bound in a double well potential that is a . which can be rewritten in relative coordinates (see Appendix B) as
The last term can be safely neglected in the limit of large Mp and small k (the dipole approximation limit). Let us now turn to a discussion of photon emission from a free and then a bound atom.
Single Atom-Dipole Emission
As a warmup, and for Iater use, we will first consider the radiation of a single photon of momentum k from an atom in the dipole approximation for two different situations: a free atom interaction Hamiltonian and an atom bound in a center-of-mass potential. The is approximated as
where e is the photon polarization vector, and standard manipulations lead to where EP -E, = ko = I ICI, and recoil energy has been neglected. The transition matrix element to the antisymmetric state can be written
where k-=E+$E,-E--E, =k-TE T, and the difference between k and k-has been retained in the phase factor only.
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Assuming that the detector sums the counts from photons of energy k and k-, the total decay rate from the symmetric initial state is then Rate = heelF I2 A+ 3 (3.11) where the angular modulation factor A+ contains the interference terms of interest;
it is given by A+ = {(f$g2t&} ) (3.12) where for convenience we have introduced I .
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Physical Interpretation
The matrix element leading to the symmetric final state,
has the expected peaks at f D/2 and a small (overlap) peak at R = 0. The anti-symmetric final state produces no peak at R = 0,
If there were no peak at R = 0 and if ET << k:, so that T = 0 and S-% s, then the total rate has no angular dependence. Interference arises from the overlap peak at R = 0 which is coherent with the charge peaks at R = &i D by virtue of tunneling. 
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